Introduction 63 64
Syndromic panels for infectious and emerging infectious diseases have been 65
suggested to be of value in point-of-care (POC) diagnostics for developing countries 66 and for biodefense (29) . Since the introduction of molecular diagnostics and in 67 particular real time PCR, ample proof of its sensitivity and specificity has been 68 generated. Indeed molecular diagnostics are deemed superior to bacterial culture 69 techniques or serological diagnostics (6, 34, 44) . It has even been suggested to 70 entirely eliminate the old methods in order to streamline centralised laboratories for 71 molecular diagnostics (5, 13, 14) . 72
In recent years alternative isothermal amplification methods which can be 73 categorized into (i) T7 promotor driven amplifications (transcription mediated 74 amplification (TMA), Nucleic Acid Sequence-Based Amplification (NASBA), Single 75 primer isothermal amplification (SPIA)), (ii) strand displacement methods (Strand 76 Displacement Amplification (SDA), Loop-mediated isothermal amplification (LAMP), 77
Smart amplification (SmartAmp)), (iii) helicase dependent amplification (HDA), (iv) 78 recombinase polymerase amplification (RPA), and (v) rolling circle amplification 79 (RCA) methods (1, 3, 12, 17, 36) have been developed. Some were purposely 80 designed for isothermal amplification starting from RNA (TMA, NASBA, SPIA), 81 whereas others initially targeted DNA (SDA, LAMP, HDA, RPA, RCA) and were only 82 later adapted for RNA targets. Nonspecific intercalating fluorophores or fluorescent 83 primers have been used for real time detection in LAMP, SDA, HDA and RCA, and 84 specific detection probe formats have been developed for NASBA, RCA, HDA and 85 RPA (24, 28, 31, 37, 38) . 86
In isothermal and exponential recombinase polymerase amplification (RPA) the 87 phage recombinase UvsX and its co-factor UvsY form a nucleoprotein complex with 88 on October 21, 2017 by guest http://jcm.asm.org/
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Real time PCR 142
The quantitative standards for B. anthracis, capC and pagA, Y. pestis pla, F. 143 tularensis tul4, VACV, RVFV, EBOV, SUDV and MARV were tested using published 144 real time PCR protocols (19, 41, 43) . A new real time PCR amplicon was designed 145 for the SIGV G gene and for the VARV HA gene. Real time PCR assays for DNA and 146 RNA targets were performed using the LightCycler® Fast-Start DNA Master 147
HybProbe kit and the LightCycler® 480 RNA Master Hydrolysis Probes respectively 148 on a Light Cycler 2.0 (Roche, Mannheim, Germany) using the 2 nd derivative method 149 for analysis. All real time PCR assays showed the sensitivities reported in the original 150 publications. The SIGV and the VARV assays showed analytical sensitivities of 10 151 molecules detected per reaction. 152
153
RPA-conditions 154
RPA was performed in a 50µl volume using the TwistAmp™ exo kit (TwistDX, 155
Cambridge, UK) 420nM RPA primers and 120nM RPA-probe, 14mM Mg acetate and 156
TwistAmp
TM rehydration buffer. All reagents except for the template or sample DNA 157 and Mg-acetate were prepared in a mastermix, which was distributed into 0.2 ml 158 reaction tubes each containing a dried enzyme pellet. Mg-acetate was pipetted into 159 the tube lids. Subsequently 1µl standard DNA or genomic DNA was added to the 160 tubes. The lids were closed and the Mg-acetate centrifuged into the tubes using a 161 minispin centrifuge and the tubes were immediately placed into a ESEquant 162 tubescanner device (Qiagen Lake Constance, Stockach, Germany). 163
For RT-RPA 10U Transcriptor (Roche, Mannheim, Germany), 20U RNaseOut, 2mM 164 DTT and 22.4 mM Mg acetate were added to the DNA-RPA mix described above. 165
The same amount of primers and TwistAmp TM fpg probe were used with the 166 rehydration buffer and the enzyme pellets of the TwistAmpTM fpg kit. 
Determination of sensitivity and specificity 179
All quantitative DNA and RNA standards were tested by RPA in 8 replicates, the 180 threshold time (in minutes) was plotted against molecules detected and a semi-log 181 regression was calculated. For exact determination probit regression (35) was 182 performed and the sensitivity at 95% calculated using the Statistica software 183 
Assay development steps for RT-RPA 216
The detailed development of DNA-RPA and RT-RPA was described for the assays 217 for F. tularensis assay and RVFV respectively elsewhere (9, 10). 
226
RPA sensitivity 227
Quantitative molecular plasmid and RNA standards were generated and verified by bacteria were tested against a panel of bacterial genomes as described earlier (Table  271 1 in (9), table S1) and showed exclusively specific detection. 272
To assay the influence of human genomic DNA on the RPA assays, we determined 273 the concentration of human DNA in the eluates of negative sera extracted with the 274 RNeasy kit (Qiagen). We then added the determined average amount of 70 ng/µl 275 human genomic DNA to RPA and RT-RPA reactions. The added background DNA 276 delayed threshold time points negligibly for RPA and up to 3 min for one-step-RT-277 RPA. It had no effect on the sensitivity (Fig. 2 B, C) . 278 279
Discussion 280 281
In order to develop a panel of isothermal detection assays for Category A 282
Bioterrorism Agents we assessed recombinase polymerase amplification (RPA) for 283 the following reasons: (i) it is an exponential amplification with specific amplificate 284 confirmation using a fluorescent probe, (ii) it contains GP32, a single strand binding 285 protein and a good enhancer for the amplification of RNA molecules with complicated 286 secondary structures (42), (iii) it needs only three conserved regions for 287 olignucleotide design, (iv) available dried pellet reagents facilitate field use or point of 288 care applications. 289
As to analytical sensitivity and specificity, the RPA assays developed showed a 290 performance equal to PCR (table 3) and showed no cross detection amongst their 291 respective targets. Compared to PCR, RPA reaction time however was much shorter 292 and surprisingly one-step-RT-RPA assays were quicker (LOD reached at 4-8 293 minutes) than RPA assays (LOD reached 7 -10 minutes). 294
The SRLs of the RT-RPA assays showed even lower slope values indicating very 295 on October 21, 2017 by guest http://jcm.asm.org/ Downloaded from fast reaction kinetics. We assume that this might be due to an additive effect of the 296 fluorogenic detection of (i) RNA templates, (ii) the initially generated cDNA (ssDNA) 297 as is generic in T7 promotor driven isothermal assays such as TMA or NASBA, and 298 (iii) the RPA products (dsDNA). Alternatively the initiation of RPA may be facilitated 299 by single stranded cDNA. 300
The published K m values for Exonuclease III (K m = 6.3 x 10 -9 M (nicks/minute), (18), 301
and FPG (K m = 7 x 10 -9 M (excisions/min), (4)) range in the same order of magnitude 302 implying comparable activity levels. Nevertheless, the assays using cleavage of fpg-303 probes showed a significantly reduced sensitivity than the exo-probe assays (Fig.  304 2A), suggesting that in RPA the FPG enzyme kinetics are not as favourable to real 305 time detection as those of Exonuclease III. 306
The results of the whole organism extraction experiments indicate that the magnetic 307 bead based total nucleic acid extraction kit used showed efficient extraction of DNA 308 and RNA for all tested organism categories. Moreover, it was demonstrated that real 309 time PCR and RPA show comparable detection sensitivities when in these extracts 310 (table 4) . 311 LAMP assays may also be considered as a good option for isothermal detection and 312 miniaturisation (2). In general LAMP assays need 4-6 primers leading to longer 313 amplicons and possibly more difficult design in the case of highly variable RNA 314 viruses, whereas the RPA design with three oligonucleotides offers almost the same 315 flexibility as real time PCR. However the longer TwistAmp TM exo-probes can be a 316 design obstacle, which can be partly circumvented by allowing probe and primer to 317 overlap. The use of LNA nucleotides might help to reduce probe length as has been 318 shown for TaqMan probes (11, 39) . (Table 3) . However, not all LAMP 322 assays have been adapted for real time fluorescence as some of them use turbidity 323 index for readout. 324
The current advantage of RPA is that the reaction mixture containing enzymes, 325 nucleotides and buffer are provided in dried pellets, which is very well amenable to 326 POC or field use. This is now also possible for RT-RPA (10). The only ingredients 327 that need to be added are primers, probe and sample. 328 is therefore a very attractive nucleic acid detection method that could easily be 335 installed in hospitals or laboratories, which cannot afford real time PCR cyclers. 336
The only constraints of isothermal amplification methods are enzyme activity rates 337 since there is no dependency on rapid temperature ramping as in PCR. This feature 338 makes them more amenable to engineer microfluidic lab-on-chip devices than PCR. 339 A recent review on miniaturisation efforts for NASBA, LAMP, HDA, SDA, RCA and 340 RPA pointed out that low temperature isothermal methods such as SDA, NASBA, 341 RCA and RPA show an advantage for minaturisation as they need much less energy 342 input and are therefore better candidates for battery driven handheld devices than 343 high temperature isothermal reactions (LAMP, SmartAmp, HDA) (2). 344
The implementation of RPA on centrifugational LabDisks was recently described 345 
